We have previously put forward a hypothesis that explains how and why microcomplement fixation (MC'F) works (Maxson and Maxson 1986) . This is called the assortment-exclusion hypothesis and can explain the high sensitivity of the MC'F reaction, justify the logarithmic basis for immunological distance (ID), and confirm the presumed phylogenetic nature of the ID data base (as well as parameterize its limitations). In essence it states that the increase in antiserum at increasing antigen divergence is dependent on the number of high-affinity sites on the antigen that are lost (because of amino acid substitutions) rather than on proportional changes in the degree of their binding affinities.
We have previously put forward a hypothesis that explains how and why microcomplement fixation (MC'F) works (Maxson and Maxson 1986) . This is called the assortment-exclusion hypothesis and can explain the high sensitivity of the MC'F reaction, justify the logarithmic basis for immunological distance (ID), and confirm the presumed phylogenetic nature of the ID data base (as well as parameterize its limitations). In essence it states that the increase in antiserum at increasing antigen divergence is dependent on the number of high-affinity sites on the antigen that are lost (because of amino acid substitutions) rather than on proportional changes in the degree of their binding affinities.
The principal experimental data in support of the assortment-exclusion hypothesis are ID measurements of artificial mixtures of two antigens, one homologous and one heterologous to the prepared antiserum. Our hypothesis predicts that a 50:50 mixture of homologous and heterologous antigens will not require a proportional increase in the antiserum (i.e., half the increase required by the heterologous antigen alone) but will require no increase at all (ID = 0.0) provided the heterologous antigen is not too distant (ID < 30, i.e., when less than half the sites are altered). This "ID suppression" results because those antibodies that are excluded from reacting with the heterologous antigen find binding sites on the homologous antigen, allowing those antibodies that can bind with either antigen to assort themselves preferentially to the heterologous antigen. This allows the same number of antibodies to be bound per antigen without an increase in the amount of antiserum. Data supporting this hypothesis were previously presented in the form of a graph (Maxson and Maxson 1986, fig. 4 ) similar to figure 1, in which the ID values of antigen mixtures are points on the solid line that moves horizontally to the right at ID = 0 until it reaches a point where it moves upward to the ID for pure heterologous antigen.
We now have additional data to test the assortment-exclusion hypothesis by using naturally occurring mixtures of antigens from hybrids. The predicted ID suppression is dependent on the ID between the parental species, the type of hybrid, and the recency of the hybridization event. This suppression is maximal for recent hybridizations and will diminish if the hybrid maintains genetic isolation and diverges in sequence from both parental species. Our new data are from a population of naturally occurring hybrids between the barking tree frog (Hyla gratiosa) and the green tree frog (H. cinerea) that has recently been the object of extensive molecular analyses (Lamb and Avise 1986) . Plasma samples of Fl and backcross hybrids were given to us as coded samples (from T. Lamb) and the genetic identities were later provided on the basis of allozyme genotypes. F 1 hybrids were identified on the basis of heterozygosity at five selected unlinked genetic loci (Lamb and Avise 1986 ).
Antisera to albumins of H. gratiosa and H. cinerea were available from earlier studies (Maxson and Wilson 1975) . The H. gratiosa antiserum was made to a population from Florida, and the H. cinerea antiserum to a population from South Carolina. The hybrids all came from a pond in Auburn, Alabama. Essentially no significant IDS were measured between our antisera and the parental species in Alabama (ID = 0 + 3). The ID between H. gratiusa and H. cinerea was reported as being 28.5 (Maxson and Wilson 1975) . In our laboratory, we measured the average distance as being 26 units.
We compared 17 coded samples to both of our antisera; the results are given in table 1. Ten of the 11 purported Fl hybrids gave distances of essentially 0 to both antisera. (The negative distances likely arise from slight population differences in the samples used as "homologous" albumins.) The one exception, LM 1687, gives a distance similar to those of samples homozygous for H. cinerea albumin. On decoding, this sample turned out to be one that Lamb had difficulty in scoring. When the allozyme gel was reexamined in light of our albumin results, it could be readily interpreted as being a backcross, homozygous for the H. cinerea albumin (T. Lamb, personal communication). Three other individuals were identified as backcrosses. One, LM 1720, was heterozygous for the two albumin alleles, as indicated by our 0-1 ID measurements. The other two were homozygous for the H. cinerea albumin. All three samples of "later generations" (as inferred from allozyme patterns) are also homozygous for the H. cinerea albumin. This predominance of cinerea alleles in the hybrids is not unexpected, given the observed behavior of the frogs at the breeding pond (Lamb and Avise 1986) . The excess of cinerea alleles in the hybrids has also been confirmed in an independent study by Schlefer et al. ( 1986) . Thus, the results with naturally occurring hybrids fit the predicted hybrid ID suppression that is based on a model of antibody assortment-exclusion. A study involving European water frogs of the genus Rana (Uzzell and Tunner 1983 ) is also relevant. The ID between the hybridizing species R. perezi and R. ridibunda is 43 units. Our model predicts that the ID of Fl hybrids to each antiserum should be 12. The average distances to the 13 hybrids measured by Uzzell and Tunner were 11 to R. ridibunda and 7 to R. perezi, distances that are in good agreement with those predicted.
A recent study in our lab involved the leptodactylid frog, Chacophrys, a purported intergeneric hybrid between Ceratophrys and Lepidobatrachus (Lynch 1982) . The ID between the putative parental taxa was 65 (Maxson and Ruibal1987) . Were Chacophrys indeed a recent hybrid, the ID to both parental species should have been 36 (from fig.  1 ). In fact, Chacophrys was an average of 40 units to Lepidobatrachus and an average of 83 units to Ceratophrys (Maxson and Ruibal 1987) . Subsequent morphological data have also refuted the notion that Chacophrys is an intergeneric hybrid (Fritzsch et al. 1986; Maxson and Ruibal 1987) .
These concepts can be extended to polyploid species. Knowing the ID between parental species allows the inference of the expected ID for various classes of triploids and tetraploids ( fig. 1) . Studies of triploid water frogs (Ebendal and Uzzell 1982) give an average distance of 26 ID between the parental species R. ridibunda (RR) and R. Zessonae (LL) . Diploid Fl hybrids (RL) should be 0 to each parental species, as in the Hyla example. The two possible triploid Fl hybrids (RRL and LLR) should each be 0 to the more similar parental species and 8 to the other. The data (Ebendal and Uzzell 1982, fig. 4) show that all three hybrid classes are distinct and S-16 units from each parental species. The various groups sort out in the expected directions but not to the degree anticipated. Several complications might contribute to such results. The triploids may not be the result of a recent hybridization and may have diverged somewhat since the hybridization event. Such divergences will show up as a diagonal movement (an increase in both ID values) on the ID-versus-ID graph of Ebendal and Uzzell (1982) . Another problem is that R. ridibunda has two albumin alleles that differ from The sources the origin (of R, not ID) and by the heterologous parental ID value on the right-hand ordinate. of the data are given in the text. one another by 5 ID units. When antiserum to the slow allele is used, the distance to the fast allele is 5 units, whereas in the reciprocal experiment the distance is 0 (Uzzell 1982) . Thus, all of the observed values may be shifted toward a lower value, one more in line with that predicted by our model. The complexity of this case seems to be too great to easily sort out the underlying phenomena.
In conclusion, new hybrid data and other recently published data support the hypothesis of antibody assortment exclusion that has been suggested as underlying the MC'F methodology (Maxson and Maxson 1986 ). This reinforces the claim that this biochemical analysis is indeed a useful and understandable phylogenetic tool.
